During the course of studies on the metabolism of D-alanine in pea seedlings, we showed that D-alanine was synthesized from lalanine by a racemase reaction6) and also demonstrated that several D-aminoacids oc-
leucme),10) and were used as marker for the detection of the radioactive y-L-glutamyl peptides with the automatic ammoacid analyzer as described below. All other reagents used were commercial products of analytical grade.
Pea seedlings and administration of labeled compounds. Pea seeds (Pisum sativum, L. cv. Alaska) sterilized with 0.01% Osvan solution were germinated in the dark on moist filter paper at 25°C as described previously U) At the 6-day stage of germination, both cotyledones and radicals were removed, and the remaining parts of the seedlings (shoots) were used for the experiment. Determination of y-L-glutamyl peptides. Prior to the analyses, authentic y-L-glutamyl peptides were added as markers to the F-II fractions, except for that prepared from 14C-D-alanine-treated shoots. A one-third portion of the F-II fraction was applied to the amino acid analyzer, and y-L-glutamyl peptides and radioactivity were determined after fractionation of the effuluent into 3 ml fractions. The rest of the F-II fraction was hydrolyzed with 6 m HC1at 100°C for 3hr and the hydrolyzate was used to determine the constituent amino acids and their optical configurations.
Determination of N-malonyl D-amino acids. Analyses of ninhydrin-negative 7V-malonyl D-amino acids in the F-III fractions were carried out as follows. The F-III fraction was evaporated to dryness in vacuo at 35°C and the radioactive compoundwas purified by preparative paper chromatography with «-butanol-acetic acid-water (4:1:1, by vol.). The radioactive area was located by autoradiography as described previously3) and the compound was quantitatively eluted with water. A one-half portion of the compound isolated was hydrolyzed with 6 m HG1at 100°C for 3hr. The hydrolyzate was used for the determination of the constituent amino acid and its optical configuration.
The radioactivity of the amino acid was measured after separation with an amino acid analyzer. The rest of the compound was subjected to structural analysis by gas-liquid chromatography-mass spectrometry.
Analyses. Aminoacid analysis was carried out with an automatic amino acid analyzer, Yanaco LC-5S, under the following conditions: Aminex A-4 resin, 0.9 x 60 cm column; 0.2n sodium citrate buffer, pH 3.25 and 4.25; flow rate, 80 ml/hr; column temperature, 52°C. The radioactivity was measured with an Aloka LCS-602 liquid scintillation spectrometer equipped with an external standardization system.12) Identification of 7V-malonyl D-amino acids was performed using a gas-liquid chromatography-mass spectrometer, Varian MAT 312, equipped with a 0.16x 150 cm glass column of OV-101 (3% on Chromosorb W). The compounds isolated were converted to the methylesters with diazomethane and analyzed under the same conditions as described previously.
3)
The optical configurations of the amino acids obtained from the hydrolyzates of the conjugates were determined by the use of D-amino acid oxidase13) or by chromatographic resolution of their diastereoisomeric L-leucyl dipeptides.8'9'14)
RESULTS
Formation of the y-L-glutarnyl peptides The formation of y-L-glutamyl peptides from the amino acids administered is summarized in Table  I . In the case of 14C-D,L-a-amino-rcbutyric acid-treated shoots, radioactivity was also found in the ninhydrin-positive peak corresponding to authentic y-L-grutamyl-D-aamino-w-butyric acid added as a marker and all the radioactivity in the hydrolyzate of the fraction was recovered as a-amino-«-butyric acid, but it was not completely oxidized by the treatment with D-amino acid oxidase. The ratio of radioactivity of D-a-amino-fl-butyric acid to the L-form was determined to be 1 : 10.
The formation of radioactive y-L-glutamyl peptides of L-amino acids was also observed when the shoots were incubated with 14C-d,lvaline and 14C-D,L-leucine.
However, in both cases, only small amounts of the y-L-glutamyl peptides of the D-amino acids were formed, as shown in Table I . Our previous studies3'5 '6) have shown that, in spite of the active accumulation ofD-alanine conjugates in the germinating pea, free dalanine in the tissue is kept at low levels (0.02 /xmol/shoot) and that the incorporation of 14C-D-alanine into the conjugates occurs rapidly and to an appreciable extent. Efforts to find free D-isomers of amino acids used in this experiment other than D-alanine have been unsuccessful in the pea. In addition, it has also been demonstrated that the conjugates of damino acids administered are the main metabolic products and that, compared with them, other transformations caused by possible reactions involving a racemase or an aminotransferase may be disregarded in the short period of the incubation (3~5 hr).1} Therefore, in accord with these observations, the results shown in Tables I and II may 
